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An improved multi-layer preform 
(10) is provided which includes: (a) a 
plastic inner liner (30). having a cylin- 
drical- walled lower portion (14) and a 
cylindrical-walled upper portion (12) in- 
tegral with and extending upwardly from 
said lower portion (14), and (b) a molded 
outer layer. The liner further includes (a) 
a mount means (78), such as a generally 
continuous annular groove, or (b) a vent 
means, such as a plurality of recesses or 
grooves (82) positioned circumfcientially 
about the upper portion of the liner, or (c) 
boUi a mount means and vent means used 
in functional combination. 
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LINER AND PREFORM 

TECHNICAL FIELD 

This invention is directed toward improved preform liners, and more 
particularly to multi-layered preforms having a liner with improved functional 
5 characteristics. 

BACKGROUND ART 

Traditional two-stage blow molding of plastic hollow articles, 
typically involve the manufacture of a preform, or parison, the placement of the 
preform within a split, female mold, and the molding of the preform into its resultant 
10 shape under pressure. The preform or parison can be produced in any number of 
a variety of methods, all of which are well-known. Some examples of common 
preform production methods include, but are not limited to, extrusion molding, 
injection molding, compression molding, thermoforming, or various combinations 
and derivatives of these techniques. 

15 In recent years, multi-layered containers have become popular and 

widely used in the field of hollow plastic containers. Multi-layered preforms and 
. containers are typically manufactured to allow for the use of different materials in 
specific layers wherein each material has particular properties adapted to perform a 
desired function. To make better and more economical use of the various plastic 

20 material components, it is often desirable to construct a preform having a 
comparatively thin inner layer of a generally more expensive first polymer and a 
comparatively thicker outer layers of less expensive and/or less desirable polymers. 

In some applications, a relatively thin inner layer may be used to 
prevent the mtended contents of the final article from direct contact with the outer 
25 wall of the container. In other cases, the goal of a certain layer of material may be 
to provide an additional gas or oxygen barrier in order to reduce the amount or rate 
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of permeation through the walls of the container. The form of layering employed 
can be tailored to serve multiple purposes and to meet various functional needs. 

While various techniques may be applied to manufacture such multi- 
layered preforms, the present mvention is particularly well-suited to processes which 
5 incorporate the use of a comparatively thin-walled cylindrical inner liner, or 
"sleeve," generally having a generally-closed bottom portion and an open neck. 
Such liners and preforms can be manufactured through a wide variety of processes, 
including those represented in the following devices and methods. 

For example, U.S. Pat. No. 4,109,813 discloses the manufacture of 
10 a multi-layered preform which includes the placement of a preformed sleeve over a 
core in a parison mold and injecting a parison around the core and sleeve within the 
mold. The disclosure teaches that once the core is inserted into a sleeve, a vacuum 
may be employed to blow the parison into the final shape and the sleeve will be 
caused to be pressed against the core so that it will remain attached thereto. 

^5 U.S; Pat. No. 5,464,106 discloses a multi-layer preform and container 

comprised of an inner layer having variable thickness in addition to an outer layer. 
One specified method of forming the multi-layered preform involves the extrusion 
(or co-extrusion) of the Imer, forming the liner into its final shape via blow molding, 
and then moving the liner to an injection molder where the outer layer is then 

20 formed. 

In multi-layer applications such as the foregoing, it is important, and 
often critical, that the liner remains properly seated on the corresponding core rod 
prior to the subsequent molding of an outer layer. This is true regardless of whether 
the outer layer is produced by injection molding, compression molding, or other 
25 manufacturing techniques. Therefore, by introducing design enhancements to the 
physical strucmre of the liner, the seating of the liner can be improved, and the 
resultant article will be produced with more efficiency, with improved consistency, 
and with less variation. 
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DISCLOSURE OF INVENTION 

Accordingly, an object of this invention is to provide a preform liner 
with improved handling characteristics. 

Another object of this invention is to provide a preform liner which 
will improve the processing and formation of multi-layered preforms and the 
resultant containers . 

A further object of the present invention is to provide a preform liner 
in which the physical attachment of a Hner to a corresponding core is improved, 
thereby reducing the associated compression resistance encountered with further 
processing. 

Yet another object of this invention is to provide a multi-layered 
preforms and containers which exhibit improved dimensional characteristics. 

In carrying out the above objects, an improved multi-layer preform 
is formed which includes: (a) a plastic inner liner, having a cylindrical-walled lower 
portion and a cylindrical-walled upper portion integral with and extending upwardly 
from said lower portion, and (b) a molded outer layer. The liner further includes (a) 
a mount means, such as a generally continuous annular groove, or (b) a vent means, 
. such as a plurality of recesses or grooves positioned circumferentially about the 
upper portion of the liner, or (c) both a mount means and vent means used in 
functional combination. 

The objects, features and advantages of the present invention are 
readily apparent to those skilled in the art from the following detailed description of 
the best modes for carrying out the invention and appended claims when taken in 
connection with the following drawings wherein like reference characters depict like 
elements. 
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BRIEF DESCMPTION OF DRAWINGS 

FIG. 1 is an elevational view of a mono-layered plastic liner. 

FIG. 2 is a sectional view taken through extrusion blow molding 
apparatus for extruding a an extrudate between open mold sections of a mold. 

FIG. 3 is a view similar to FIG. 1 but showing the apparatus after the 
mold has been closed to blow mold the extrudate to provide a pair of liners. 

FIG. 4 is a view illustrating how the pair of liners shown in FIG. 3 
are separated from one another. 

FIG. 5 is a view that illustrates injection molding apparatus for 
injection molding an outer layer around die liner to provide a multi-layered preform. 

FIG. 6 is a perspective view of a portion of a sheet having a plurality 
of thermoformed liners prior to severing. 

FIG. 7 is an elevational and cross-sectional view of a multi-layer 
plastic liner haying a tapered shoulder portion. 

FIG. 8 is an elevational and cross-sectional view of the liner showing 
a mount feature in the form of an annular band. 

FIG. 9 is an enlarged cross sectional view of an upper portion of the 
side wall of the liner shown in FIG. 8. 

FIG. 10 is an elevational and cross-sectional view of one embodiment 
of a liner having both a mount feature and vent recesses. 



FIG. 11 is a top view of the liner shown in FIG. 10. 
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FIG. 12 is a partial top view of the upper portion of a liner showing 
one means for forming recesses or vents in the inner surface of the liner. 

FIG. 13 is an elevational and cross-sectional view of a preform 
molded over a plastic liner in which the liner has straight-walled cylindrical upper 
5 and lower sections. 

FIG. 14 is an elevational view showing the process of blow molding 
a preform into the container. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring now to the drawings in detail, wherein like reference 
0 numerals and letter designate like elements, there is shown in FIG. 1 an elevational 
view of a single-layer or mono-layer liner, also referred to as a preform sleeve, 
designated generally as 10. The liner 10 further includes an upper portion 12, a 
lower portion 14, and a closed bottom portion 16. The thickness of the liner 10 may 
vary along its length. There may or may not be an dunensional differences 
5 distinguishing the upper and lower portions and the lengths of each portion can each 
be adjusted to fit the functional needs of a given application. In applications 
involvmg a threaded preform, the length of the upper portion 12 of the liner 10 will 
usually be at least the length of the threaded portion of the molded outer layer. 

The liner 10 itself can be formed from a variety of plastic materials. 

0 Some of the more common plastics include, but are not limited to, polyethylene 
terephthalate (PET), polyethylene naphthalate (PEN), ethyl vinyl alcohol (EVOH), 
polypropylene and/or various combinations or blends of the foregoing or other 
thermoplastics. However, in the majority of cases, particularly those in which the 
finished article will hold contents fit for human consumption, the innermost layer of 

5 the liner 10 will be formed from virgin PET or some other FDA-approved resin. 

The liner 10 may be formed by an extrusion process, such as that 
disclosed in U.S. Pat. No. 5,464,106, by a thermoforming process, such as that 
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5 



taught by U.S. Pat. No. 5,443,766, by an injection molding process, by a 
compression molding process, or any otlier process commonly used for forming thin- 
walled, shaped plastic articles. In the case of most thin-walled articles, especially 
those in which it is desirable to have controlled wall thickness along its length, 
extrusion is the preferred processing technique for forming a thin-walled liner 10. 



FIGS. 2 through 5 show, in more particular detail, one of several 
types of processes that can be used to form a liner and resultant preform. HG. 2 
depicts an extrusion apparams 20 and an extruder 24. The melt is forced through a 
die to form a generally cylindrical extrudate 30. A melt thickness-adjusting device 

10 (not shown) can be used, as desired, to vary the thickness of the extruded member 
30 along its length. Depending upon the part design and the capabilities of the 
extruder, additional layers can be co-extruded as desired. In addition to the 
possibility of being composed of multiple layers, the liner 10 may be made of more 
than one material in its various parts. For example, if desired, the liner side walls 

15 could be made of a material that is different from the material in the bottom of the 
liner. 



20 



25 



30 



The extrudate 30, typically exits the extruder 20 in one continuous 
length, most commonly having a substantially cylindrical or tube-shaped form. As 
shown in HG. 2, a hot parison or extrudate 30 is extruded between open mold 
sections 41 of an open blow mold 42. As shown in the depicted embodunent, the 
mold cavities 43 define the shape of a pair of liners 10 that are connected at their 
ends which are located adjacent the open ends of the resultant preform after its 
injection molding as hereinafter more fully described. One of the mold sections 41 
includes a blow needle 44. As illustrated in FIG. 3, the blow needle is inserted into 
the extrudate 30 in connection with the mold closing to blow the extiiidate 30 to the 
shape of the enclosed mold cavity 45. Where higher production output is desired, 
a series of molds can be used. An example of such a method is described in 
connection with the rotary blow molding machine of U.S. Pat. No. 5,698,241. 

After the extrusion and blow molding of the Imers 10 (as in the 
embodiment depicted), the mold 42 is opened to remove the liners 10. Where 
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multiple liners are produced in connection with one another, the liners 10 can then 
be separated in any suitable manner, such as by cutting by the schematically 
illustrated knives 46 shown in FIG. 4. 

With reference to FIG. 5, the injection molding apparatus 60 includes 
5 a mold 62 having a pair of mold sections 63 that define mold cavity sections 64 for 
cooperatively defining a mold cavity 65 in the closed position illustrated. The liner 
10 is positioned on a core pin 66 of the injection molding apparams 60 and is 
received within the cavity 64 of the closed mold 62 to commence the injection 
molding processing. An injector 67 injects a resin into the cavity 64 about the liner 
10 10 to provide an outer layer 68 to form a preform 70. 

The production of acceptable liners and preforms resulting therefrom 
is not limited to the method described above. Other methods for producing the liner 
10 and the resultant preform are contemplated. For example, FIG. 6 depicts a 
plurality of wide-mouth liners 10a which have been thermoformed from a sheet of 

15 polymer material 76. Such liners 10a may then be separated from the sheet by any 
suitable method. The wide-mouth liner 10a generally has a larger mouth or opening 
diameter relative to the sidewall diameter of the preform and the finished article than 
the same comparative measurements of the liner 10 of FIG. 1. With such 
dimensions, the wide-mouth liner 10a is more typically formed by thermoforming, 

20 injection or compression processes, rather than by an extrusion process. 

We next refer to FIG. 7, in which a preferred embodiment of a multi- 
layered liner 10b is shown. The multi-layered liner 10b includes multiple layers 
having a lower closed portion 50, a side wall portion 52, a tapered cylindrical wall- 
shaped shoulder portion 54, and an upper portion 56 located above the shoulder 

25 portion 54. As long as the liner 10b can be properly transported and handled on core 
pins or other handling means, the precise shape and taper of the shoulder portion 54 
is not critical. The multi-layered liner 10b is further comprised of an inner layer 30 
and an outer layer 40. When producing containers designed to hold contents for 
human consumption, the inner layer 30 is comprised of a polyester material which 

30 is acceptable for such a purpose. The outer layer generally will not contact the 
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contents and generally can be comprised of less expensive polyester resins. In 
practice, the multi-layered liner 10b should not be limited to just an inner and outer 
layer and may consist of any number of multiple layers taken along cross sections of 
all or a portion of its length. 

5 It is often desirable to utilize thin inner and/or barrier layers. 

Therefore, for functional, as well as commercial reasons, the liner 10b will 
preferably be formed by either an extrusion or co-extrusion process. However, 
thermoforming, injection molding, compression molding, or other processes known 
in the art can be employed in various combinations to produce similar multi-layered 
10 structures. 

Whether through vacuum techniques or other mechanical operations, 
the liner will later be positioned onto a core rod and thereafter placed within a mold. 
An outer layer of a polymer is then injection or compression molded around the liner 
to form the preform. To position the Imer onto the core rod in a more stable 

15 manner, and to further insure that the liner resists unintended and premature 
separation from the pin, the liner 10 is formed to includes a mount means. The 
mount means typically consists of at least one inwardly-projecting protrusion and is 
specifically designed to make the subject liner fit more snugly onto the core pm. 
FIG. 8 shows a mount means taking the form of an annular ring or band 78 that 

20 extends inwardly from the inner surface 80 of the liner 10. The mount means can 
be formed as part of the liner itself during its formation or can later be formed by 
an acceptable processing technique practiced before the posiUoning of the liner upon 
the injection mold core pin. 

FIG. 9 is an enlarged cross-sectional view of a portion of the annular 
25 ring or band 78 of FIG. 8. The extent of the indentation of the ring or band 78, 
designated by the letter t, which is typically within the range of five to fifteen 
thousandths of an inch, should be sufficient to assist with die intended pressure 
contact of the Imer to the pin. At the same time, the amount of indentation t should 
not being so large as to impermissibly impede the proper placement of the liner onto 
30 the core rod. Practically speaking, the design and sizing of the protrusion or 
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protrusions is tailored to the interaction of the materials, especially their frictional 
effects, and the inner diameter of the liner and the external diameter of the rod taken 
along the respective length of contact. 

In the preferred embodiment, the liner 10 further includes at least one 
vent means recessed in the inner surface 80 of the upper portion 56 of the liner 10. 
The primary purpose of the vent means is to assist in the displacement of air and any 
other gases from the interior of the liner as it is positioned upon the core rod. 
Without sufficient "venting," the internal pressure of the gas trapped and compressed 
within the internal portion of the liner may resist the proper placement of the liner 
upon the rod. A coordination of the vacuum effect generated from the rod and the 
design of functionally sufficient functional venting means in the liner can optimize 
the positioning of the liner onto the core rod. Consistently better placement of the 
liner onto the core rods inherently results in the production of preforms with more 
consistent dimensional features. 

FIG. 10 shows an elevational and cross-sectional view of a liner 10 
having both an annular band 78 and a plurality of channels or grooves 82 serving as 
a vent means. FIG. 1 1 is a top view of the liner illustrated in FIG. 10. As generally 
shown in FIGS. 10 and 11, the vent means can take the form of one or more 
channels or grooves 82 located on die inner surface 80 of the liner 10. The number, 
sizing and shape of the vent means may be designed and adjusted to obtain the 
desired displacement of internal gases associated with the seating of the liner 10. 

In the preferred embodiment, four channels or grooves 82 are equally 
spaced from one another at the same longitudinal height along the inner 
circumference of the upper portion 56 of the liner 10. Each individual groove 82 
extends longitudinally along the inner surface 80 of the liner 10 in a direction 
generally parallel to that of the central axis A. 

FIG. 12 shows a ball mill 88 positioned at designated locations on the 
inner surface 80 of die liner 10 to create chaimels or grooves as the vent means. 
While die ball mill 88 creates generally semi-circular channels or grooves 82, the 
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particular shape of the passage comprising the vent means is not critical per se. In 
practice, the vent means can be sized and designed to take on an almost infinite 
number of shapes or patterns. Furthermore, the vent means can be formed by any 
suitable manufacturing operation known to diose in the art. For example, rather than 
using a ball mill (as shown), the vent means could take the form of longitudinal 
notches cut into the inner surface of the liner by a blade, or other cutting means, at 
specified positions. The escape passage area corresponding to a given vent means 
can be sized and shaped to provide the desired rate of displacement associated with 
an individual liner design. 

FIG. 13 displays a multi-layered, composite preform 90 having a 
pressure molded outer layer 92 and a straight-walled, mono-layer liner 10c. 
Notably, the preform also includes a threaded neck 94 positioned generally adjacent 
to the upper open-ended portion 12 of the liner 10c and a fairly conventional 
retaining flange 96. The molded outer layer or layers are preferably injection 
molded, but other known manufacturing techniques, such as compression molding, 
can also be used. 

The liner 10 will generally adhere to the molded outer layer 92 and 
may at times bond directly thereto at temperatures normally used for molding the 
latter material. To facilitate such bonding, the outer surface of the liner 10 may be 
treated by procedures that are known in the art to promote the adhesion of the plastic 
surfaces. In some instances, prior to molding tiie outer molded layer 92, it may be 
desirable to further coat die outer surface of the liner 10 with an additional plastic 
material, such as a barrier. For instance, such an additional layer, or coating, can 
be sprayed directly onto the outer surface of the liner or the liner could be dipped 
into a solution containing the desired material. 

While FIG. 13 depicts a stiaight-walled liner 10c, it must be 
emphasized that the Imer and preform contemplated by this invention may have any 
number of shapes, thickness dimensions and layering structures in addition to those 
specifically disclosed. In practice, the design of die multi-layered preform will 



-10- 



wo 99/43563 



PCT/US99/01966 



usually be chosen to optimize the necessary or desired functional features and 
economic considerations associated with the preform and the final resultant article. 

Referring now to FIG. 14, a process for forming the resultant 
container 100 will now be described. The process for forming the container 100 
includes the processes described above for forming the preform 80. After an outer 
layer 92 is added to the liner 10 and the desired preform 80 is removed from the 
molder 60, the preform 90 is placed into a blow mold 1 10 shown in FIG. 14. Before 
placing the preform 90 into the blow mold 110, it may be necessary to reheat the 
preform. If the preform is immediately removed from the injection molder 60 and 
placed m the blow molder 112, shown by dotted lines in FIG. 14, the preform 90 
may already be sufficiently heated. Otherwise, the preform 90 should be placed in 
a heater (not shown) prior to placement in the blow molder 112. 

With continuing reference to FIG. 14, the preform 90 is placed in the 
blow mold 110 and held securely therein via engagement of the mold to the threaded 
neck 94 of the preform 90. Once proper placement of the preform 90 is established, 
blow molder 112 is used to blow preform 90 into the shape of the container 100. 
After the preform 90 is formed into the intended article, the blow mold 110 is 
opened and the completed container 100 is removed. 

Although the above description contains many specific references to 
detailed information, such specificity should not be construed as limiting the scope 
of the invention, but as merely providing an illustration of some of the presently 
preferred embodiments of the invention. Obviously, numerous modifications and 
variations of the present invention are possible in light of the above teachings. It is 
therefore understood that the invention may be practiced other than as specifically 
described herein and the scope of the invention should be determined by the 
appended claims and their legal equivalents, rather than by the examples given. 
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WHAT IS CLAIMED IS: 

1 . An improved inner liner for manufacturing a plastic preform 
having a closed bottom, a lower portion integral with and extending upwardly from 
said bottom ponion, and a substantiaUy cylindrical upper portion integral with and 
extending upwardly from the lower portion, the upper portion having an upper 
portion having an open neck and an upper rim; the Uner further includes an interior 
surface, an exterior surface, and an integral mount means projecting inwardly from 
the interior surface to facilitate engagement of the liner to an internal projection. 

2 . The improved inner liner of claim 1 , wherein the liner ftirther 
includes a vem means to permit the escape of gas from the interior surface of the 
liner when the liner is affixed to said internal projection. 



3. A plastic multi-layered preform for manufacturing a blow 
molded container, comprising: 

an inner liner having a closed bottom portion, a lower portion integral 
with and extending upwardly from said bottom portion, and a substantially 
cylindrical upper portion integral with and extending upwardly from the lower 
portion, the upper portion having an open neck and an upper rim; the Imer further 
includes an interior surface, an exterior surface, and a mount means to facilitate 
engagement of the liner to a male mold portion; and 

a molded outer layer substantially adjacent to the plastic inner liner. 

4. The preform of chiim 3, wherein the mount means is 
positioned on the upper portion of the inner liner. 

5. The preform of claim 4, wherein the mount means is 
positioned below the upper riin of the liner. 



6. The preform of claim 3, wherein the mount means extends 
inwardly from the interior surface of the liner. 
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7. The preform of claim 6, wherein the mount means includes at 
least one protrusion extending inwardly from the interior surface of the liner. 

8. The preform of claim 7, wherein the protrusion is generally 

annular. 

9. The preform of claim 7, wherem the protrusion includes an 

annular band. 

10. The preform of claim 7, wherein the exterior surface of the 
liner includes an indentation generally conforming to the shape of the protrusion. 

1 1 . The preform of claim 3 , wherein the mount means includes at 
least one protrusion extending inwardly from the interior surface of the liner and 
extending at least partially around the inner circumference of the liner. 

12. The preform of claim 3, wherein the mount means includes 
intermittent inwardly-extending annular protrusions. 

13. The preform of claim 3, wherein the liner further includes at 
least one vent means recessed into the interior surface of the liner. 

14 . The preform of claim 3 , wherein the liner includes a plurality 
of circumferentially-spaced vent means recessed in the interior surface of the liner. 

15. The preform of claim 14, wherein the liner includes a 
longitudinal central axis and said vent means generally extend in the direction of the 
longitudinal central axis. 

16. The preform of claim 14, wherein the vent means at least 
partially intersect the mount means to permit the escape of gas past the mount means. 
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17. The preform of claim 3, wherein the plastic imier liner is at 
least one of the following: extrusion blow-molded, injection molded, thermoformed, 
and compression molded. 

18. The preform of claim 17, wherein the inner liner inchides a 
plastic barrier material. 

19. The preform of claun 3, wherein the molded outer layer has 
an upper portion corresponding to and adjacent the inner liner upper portion, said 
outer layer upper portion includes a means to accept a closure. 

20. The preform of claim 19, wherein said means to accept a 
closure includes a threaded portion. 

21. The preform of claim 4, wherein the plastic inner liner is 

multi-layered. 

22. A plastic container prepared from a multi-layered plastic 
preform^ the container including an inner liner having a closed bottom portion, a 
lower portion integral with and extending upwardly from said bottom portion, and 
a substantially cylindrical upper portion integral with and extending iq)wardly from 
the lower portion, the upper portion having an open neck and an upper rim; the liner 
further includes an interior surfece, an exterior surface, and a mount means to 
fecilitate engagement to a male mold portion; and a molded outer layet substantially 
adjacent to the plastic iimer liner. 

23 . The container of claim 22, wherein the container has a footed 
base for support. 

A process for producing an inqjroved multi-layered preform 

forming a liner having an interior and exterior surface and 
including an integral mount means on the interior surface; 



24. 

comprising: 

(a) 
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(b) firmly affixing an internal projection; and 

(c) molding at least one outer layer of a thermoplastic material. 

25. The process of claim 24, wherein the formed liner includes at 
least one vent means on the interior surface to permit the escape of gas from the 
interior of the Imer. 

26. The process of claim 25 including the step of venting gas from 
the interior of the liner. 
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